R a j e s h G o p a l , Q a m a r Q u r e s h i , M a n i s h B h a r d w a j R . K . J a g a d i s h S i n g h and Y a d v e n d r a d e v V . J h a l a Abstract We evaluated the status of tigers Panthera tigris and their prey in Panna Tiger Reserve using occupancy surveys, camera-trap mark-recapture population estimation, and distance sampling along foot transects, in 2006. Forest Range tiger occupancy in the Panna landscape (3,500 km 2 ) estimated by 1,077 surveys of 5 km each was 29% -SE 1. Within occupied Ranges of the Reserve a mean of 68% -SE 7 of forest Beats had tiger signs. A total of 800 camera-trap nights yielded 24 captures of seven individual adult tigers within an effective trap area of 185.0 -SE 15.8 km -2 . The best model incorporating individual heterogeneity (M h ) estimated the tiger population to be 9 -SE 2. Tiger density was 4.9 -SE 1.5 per 100 km 2 and was lower than that reported in 2002 (6.49 tigers per 100 km 2 ). Both occupancy and density indicated a decline of the tiger population in the Reserve. Mean ungulate density was 42.4 -SE 8.4 km -2 and comparable to other tiger reserves. Since our survey in 2006 tiger status in Panna has deteriorated further because of poaching. Panna was occupied by dacoits in late 2006 and anti-insurgent activities caused further disturbances. In late 2008 there was a single male tiger left in Panna but he has not been seen since January 2009. The Madhya Pradesh Forest department has reintroduced three tigers to Panna from neighbouring tiger reserves. Panna, along with Sariska Tiger Reserve, exemplifies the vulnerability of small, isolated tiger populations to local extinctions caused by poaching, even in areas with suitable habitat and sufficient prey.
Introduction
T iger Panthera tigris numbers and range continue to decline despite national and international efforts to conserve the species (Chundawat et al., 2008) . Habitat loss, fragmentation, prey depletion and poaching are considered the major factors responsible for this decline (Dinerstein et al., 2007) . However, it is unclear which of these factors is of primary importance in causing local extirpations of tigers (Kenney et al., 1995; Karanth & Stith, 1999; Sunquist et al., 1999; Karanth et al., 2004b Karanth et al., , 2006 Chapron et al., 2008) . A major limitation in designing and implementing site-specific conservation measures is the lack of reliable methods for assessing and monitoring the status of tigers over landscapes (Karanth et al., 2003; but see Linkie et al., 2006) .
Official reports on the status of tigers in India's tiger reserves lost credibility following the local extinction of tigers in Sariska Tiger Reserve. Census figures continued to report substantial numbers in the Reserve even when there were none left (Narain et al., 2005) . The Tiger Task Force, appointed by the Prime Minister, recommended using occupancy (Mackenzie et al., 2003) and capture-recapture with camera traps (Karanth & Nichols, 2002) , as proposed by Jhala et al. (2005a,b) , to evaluate tiger status. There is also controversy regarding the status of tigers in Panna Tiger Reserve (Sinha, 2007; Chundawat & Van Gruisen, 2008; Pabla, 2008) . Both Sariska and Panna Tiger Reserves share several characteristics: harbouring small, isolated tiger populations, with reasonably good prey populations and habitat but surrounded by non-sympathetic local communities.
Here we report the results of a stepwise approach used to evaluate the status of tigers in Panna Tiger Reserve in 2006. We first estimate occupancy (Mackenzie et al., 2003) using sign surveys across the forested landscape of which Panna Tiger Reserve is a part, and subsequently estimate population size by camera-trap capture-recapture (Pollock et al., 1990; Karanth & Nichols, 2002) in the area containing the highest density of tiger signs. We also provide an account of the possible causes of the extinction of tigers in Panna Tiger Reserve.
Study area
The 542.7 km 2 Panna Tiger Reserve in the state of Madhya Pradesh is part of a landscape that consists of an isolated forest patch of 3,500 km 2 in the Vindhya hill range (Fig. 1; Qureshi et al., 2006; Jhala et al., 2008) . The Reserve ranges in altitude over 330-540 m and has an average annual precipitation of 1,100 mm. The forest of the Reserve is dry deciduous (Champion & Seth, 1968) ; teak Tectona grandis and kardhai Anogeissus pendula are the dominant tree species. The Reserve is characterized by plateaus and gorges, which rise from the perennial river Ken that flows for c. 55 km through the Reserve. The landscape of Panna is fraught with conflict. Traditionally most local and tribal communities depended on hunting as a means of livelihood. Creation of Panna National Park, and its subsequent coverage under Project Tiger, resulted in an alienation of the local communities, the people of which continue to poach wildlife outside, and sometimes inside, the Reserve. Thus, the forest areas outside the Reserve are sinks for both ungulates and carnivores.
Methods
Most forests in India are divided into a hierarchy of administrative units consisting of Divisions, Ranges, Beats and Compartments. The boundaries of Beats and Compartments are based on natural features such as ridge tops, streams and dirt tracks and are therefore easily recognized in the field. There are 21 Ranges within the forested landscape of Panna and, of these, four form the Panna Tiger Reserve. We searched for tiger signs by walking three 5-km search paths in each Beat across all 21 Ranges of the Panna landscape during January-March 2006. Search paths were in areas where tiger sign was likely to be encountered, such as dirt tracks, dry river beds and forest game paths. Record was kept of all tiger signs (pugmark trails, scats, rake marks, vocalizations and direct sightings). Encounter rates of tiger signs were computed per km walked (Jhala et al., 2005b) . We considered each Range (average size of a Range is 206 -SE 20 km 2 ) as the unit for estimating tiger occupancy in the landscape (Mackenzie et al., 2003) . Within tiger-occupied Ranges we estimated intensity of use by accounting for detection probability in an occupancy framework by estimating percentage of Beats used by tigers. The software PRESENCE (Hines, 2006) was used for estimating occupancy and detection probability of tiger signs. In Ranges where tiger signs were too few for computing detection probabilities we used the average detection probability of tiger sign obtained from all samples for parameter estimation (Mackenzie et al., 2005) . Based on tiger signs encountered per km walked, the Beats were stratified as having high, medium, low and no tiger signs, and were mapped using ArcMap v. 9.2 (ESRI, Redlands, USA).
A contiguous area of 103 km 2 with high tiger occupancy, as indicated by signs, was selected for estimating tiger population and density using camera traps (Trailmaster Inc., Lenexa, USA; Karanth & Nichols, 1998) in Panna Tiger Reserve. A 2 x 2 km grid was superimposed on the study area and an intensive ground survey was carried out to find the best location within each grid to deploy a set of camera traps so as to maximize the chances of photographing a tiger. Forty cameras were deployed in pairs over March-April 2006 ( Fig. 1 ) to obtain photographs of both flanks of any tigers. The study area was divided into two blocks and cameras moved between blocks at 5-day intervals. A capture matrix was constructed following Karanth et al. (2004a) . The first day of camera trapping of each block was combined to constitute the first occasion. Thus, by combining subsequent days of camera trapping we had a total of 20 occasions, with 40 days of sampling, amounting to 800 trap nights. Individual tigers were identified from their unique stripe patterns (Karanth & Nichols, 1998) . An X matrix (Pollock & Otis, 1983 ) generated from the capture histories of the photo-captured tigers was analysed in a closed population mark-recapture framework (Chao & Huggins, 2005) . We used software CAPTURE (Rexstad & Burnham, 1991) , which uses a series of goodness of fit tests to compare the null (M o ), time effects (M t ), behaviour effects (M b ) and individual heterogeneity models (M h ), and combinations of these. It then uses discriminant function analysis for model selection and scores the best fit model with a score close to one. We tested the population closure assumption using software CloseTest (Stanley & Burnham, 1999) .
For computing tiger density the outermost camera locations were joined to form a minimum convex polygon ( Fig. 1) . The non-tiger habitats of human settlements and mining activity were removed from this polygon. The effective trapping area was estimated by adding half of the mean maximum distance moved (½MMDM) by recaptured tigers to the minimum convex polygon (Nichols & Karanth, 2002) .
Three replicates of 14 3-km long line transects were walked between March-April 2006 (Fig. 1) Table 1) .
Camera-trapping was carried out in 44% of the tigeroccupied habitat and the mean effective trapping area of 185 -SE 15.8 km 2 covered all Beats with high tiger signs ( Fig. 1) . Fifteen photographs of seven individual tigers (four males, two females and one of unidentified gender) were obtained. Software CAPTURE selected model M h , incorporating individual heterogeneity in capture probabilities, as the best fit, closely followed by the null model M o (score 0.96). The average capture probability of tigers was 0.09 for TABLE 1 Naïve and detection-bias corrected occupancy of forest Beats by tigers Panthera tigris in the four forest Ranges comprising Panna Tiger Reserve (Fig. 1) *Detections of tiger signs were too few for estimation of detection probability; therefore the average probability of detecting tiger sign for Panna Tiger Reserve (0.74) was used to compute the occupancy estimate model M h . The overall probability of capturing a tiger within the study area (M t+1 /N) was 77%. Over the trapping duration of 40 days the tiger population was found to be closed (v 2 5 14.18, df 5 13, P 5 0.36).
Using model M h the interpolated mean jackknife population estimate was 9 -SE 2 tigers ( Table 2) . The mean maximum distance moved by recaptured tigers was 3.9 -SE 0.7 km. The effective trapping area was 185 -SE 15.8 km 2 (Fig. 1) . Mean tiger density in the study area was thus estimated to be 4.9 -SE 1.5 tigers per 100 km 2 ( Table 2) .
Mean wild ungulate density was estimated to be 42.44 -SE 8.4 individuals km -2 ( Table 3 ). The major prey species of tigers (sambar, chital and nilgai) were sighted in numbers sufficient to enable computation of their densities ( Table 3) using software DISTANCE.
Discussion
Occupancy estimates incorporating correction for imperfect detection gave a non-significant increment in area occupied by tigers over the naïve estimate. The bias-corrected estimate of tiger occupancy for Ranges was 0.4% higher and that for Beats 0.88% higher than the naïve estimate. Of the six Ranges that had tiger signs, four are within Panna Tiger Reserve. The two Ranges outside the Reserve with tiger signs were Amanganj and Semaria, in both of which tiger signs were recorded in only 1-2 Beats. Thus, it appears that Panna Tiger Reserve is the source population and the surrounding forested landscape a sink. The Beat occupancy estimates along with their standard errors within tiger occupied Ranges of the Reserve provide a more site-specific parameter for evaluating tiger status as they provide an index of intensity of use that incorporates corrections for imperfect detection. Because this is the first time an occupancy analysis has been carried out for the Reserve there are no past data for comparison. However, we did not record tiger signs in several of the Beats where tiger signs were seen in 2005 (as recorded in a questionnaire to the Beat guards; Jhala et al., 2005b) even within the Reserve, suggesting a decline in the area occupied by tigers as early as 2006 (Fig. 1) .
Our camera trap area (185 km 2 ) was a subset of that sampled in 2002 (418.14 km 2 ) by Karanth et al. (2004a) and covered all the Beats with high to medium density of tiger signs (Fig. 1) . Our estimate of 4.9 -SE 1.5 tigers per 100 km 2 is lower than that reported for 2002 (6.94 -SE 3.23 tigers per 100 km 2 ; Karanth et al., 2004a) . This suggests a decline in tiger density in the core area of the Reserve, although the difference between the two estimates was not statistically significant. The sex ratio of the camera-trapped tigers was highly skewed towards adult males (2 males:1 female). The photo-captured tiger that could not be sexed was also most likely a male based on the size and shape of its pugmarks (Sharma et al., 2003) . A similar male-biased sex ratio was also reported from Sariska Tiger Reserve prior to local extinction (Q. Qureshi, pers. obs.). Ungulate densities in Panna Tiger Reserve are comparable to those in other protected areas of India where large carnivores, including tigers, survive (Johnsingh, 1983; Varman & Sukumar, 1995; Karanth & Nichols, 1998) .
Two of the photo-captured tigers were killed by poisoning during the latter part of 2006. Subsequently, Panna (Check, 2006) , exemplifies the vulnerability of tigers in small isolated reserves to organized commercial poaching, human-caused deaths, and hostility from disgruntled local communities residing within and around the reserves. Both Sariska (Avinandan et al., 2008) and Panna Tiger Reserves still have reasonably high prey densities. According to the predictive equations of Carbone & Gittleman (2002) and Karanth et al. (2004b) , Sariska and Panna have sufficient prey biomass to support 10-17 tigers per 100 km 2 in their core areas. Nevertheless tiger populations went extinct in both these reserves, supporting the notion that controlling human-induced mortality is of paramount importance in Depletion of prey (Karanth & Stith, 1999; Karanth et al., 2004b Karanth et al., , 2006 is, however, a threat to the long-term persistence of tiger populations. Reintroduction to Sariska was carried out after identification of the causes of extinction, the arrest of poachers and reduction of anthropogenic pressures by relocation of villages. In comparison, reintroduction of tigers to Panna Tiger Reserve was more ad hoc. Until management approaches address the factors that resulted in local extinctions of tigers, i.e. commercial poaching and hostility from local communities, the future of reintroduced tigers is doubtful. The current national management strategy attempts to address these issues by voluntary relocation of local communities from within the core of tiger reserves to create a disturbance free area. This is intended to be achieved by offering an attractive compensation package (Wildlife Protection Act 1972 , Amendment of 2006 Gopal et al., 2007) . The goodwill, trust and support of communities residing within the buffer areas of tiger reserves needs to be secured by developing an equitable mechanism to share revenues from tourism in tiger reserves and through development initiatives to enhance livelihood options (Narain et al., 2005) . Communities around Panna Tiger Reserve have historically been hunter-gatherers. The lure of high economic gain from commercial poaching has transformed these skilled subsistence hunters into effective poachers. Most poachers apprehended across India originate from the region around Panna Tiger Reserve (Kumar & Wright, 1999) . The relevant authorities need to combat this organized crime with modern day approaches of intelligence gathering and sharing, and law enforcement (Kumar & Wright, 1999) . A major shortfall in implementation of conservation measures has been the lack of acknowledgement by local authorities that poaching is a problem, and therefore a failure to respond while mitigation was still possible (Pabla, 2008) .
Panna Tiger Reserve is a relatively small protected area in a large area of tiger habitat (Jhala et al., 2008) . The home ranges of tigers that formerly lived within the Reserve included substantial areas outside it (Chundawat et al., 1999) . In such a situation a strategy of protection enforced only within the core of the Reserve is unlikely to be successful. Many tiger reserves, including Panna, do not have a buffer in the form of a multiple-use area, where land uses conducive to conservation objectives are permitted with appropriate incentives, compensation and legislation (Karanth & Gopal, 2005; Gopal et al., 2007) . Without a suitable buffer and corridors to other tiger populations the persistence of small tiger populations, even under moderate poaching pressure, is unlikely (Kenney et al., 1995; Chapron et al., 2008) . A landscape-level plan, addressing strategies for tiger protection, prey enhancement in the surrounding landscape and livelihood issues for local communities, is needed for long-term conservation of the tigers of Panna and other tiger reserves. The number of clusters detected, and their detection probability, mean size and encounter rate per km, of all ungulates and of sambar, chital and nilgai separately, with effective strip width of distance sampling and estimates of individual and cluster densities using Distance, along 14 transects (Fig. 1) with a total length of 126 km. The best model selected for all prey categories was half normal cosine. 
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